(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 1 243 671 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



Dota r\f ni iKIinatinn* 
ItOJ Ualc \Jl puUIILrdllUli. 


intri7. PO'iR 1<\/nft PPRR IR/OP 
{pif intUI.'. x^^Oa iOiXiOf w^UD 


25.09.2002 Bulletin 2002/39 


C25B 9/00, C25B 1/04 




(86) International application number: 




PCT/JPOO/07890 


(22) Date of filing: 08.11.2000 






(87) International publication number 




WO 01/038608 (31 .05.2001 Gazette 2001/22) 


(84) Designated Contracting States: 


• YONEZAWA, NIasaru 


AT BE CH CY DE DK ES Fi FR GB GR IE IT Li LU 


Talcasago-shi, Hyogo 676-0801 (JP) 


MC NLPTSETR 


• IMiYAKE, Akiico 




Kobe-shi, Hyogo 654-0123 (JP) 


(30) Priority: 22.11.1999 JP 33142599 


• TOYOSHiMA, IManabu 


Kobe-shi, Hyogo 654-0103 (JP) 


(71) Applicant: Shinl(o Pantec Co., Ltd. 


• ISHII, Yutalca 


Kobe-Shi, Hyogo 651^072 (JP) 


Kobe-shi, Hyogo 6540153 (JP) 


(72) Inventors: 


(74) Representative: Skuhra, Udo, Dipi.-ing. 


• HIRAI, Kiyoshi 


Reinhard-Slcuhra-Weise & Partner GbR 


ICal(ogawa-8hi, Hyogo 675-0131 (JP) 


Patentanwaite 


• Oi,Tsutomu 


P0stfach44 01 51 


Alcashi-shi, Hyogo 674-0084 (JP) 


80750 MQnchen (DE) 



(54) WATER ELECTROLYZING DEVICE 

(57) A water electrolysis device of the present inven- 
tion includes: an oxygen separation tank for storing 
demineralized water to be fed to the electrochemical 
cell; a demineralized water circulation line for feeding 
demineralized water from the oxygen separation tank to 
the electrochemical ceil and returning demineralized 
water; whk:h has been electrolyzed and remains in the 
electrochemk:al cell, to the oxygen separation tank; a 
demineralized water make-up line for feeding deminer- 
alized make-up water to one of the oxygen separation 
tank and the demineralized water circulation line; a first 



heat exchanger interposed in the demineralized water 
make-up line; and a first demineralized water discharge 
line having a proximal end communicated with one of 
the oxygen separation tank and the demineralized water 
circulation line, and a distal end extending through the 
first demineralized water discharge line to the outside, 
in which heat transfer between the demineralized make- 
up water fed through the demineralized water make-up 
line and demineralized water discharged to the outside 
through the first demineralized water discharge line is 
earned out at the first heat exchanger. 
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Description 

FIELD OF THE INVEfsmON 

[0001] This invention relates to a water electrolysis 
device of a solid electrolyte type. 

BACKGROUND AFTT 

[0002] Recently, a liighly efficient water electrolysis 
by means of a solid polymer electrolyte membrane has 
gained notice. FIG. 5 illustrates one example of the wa- 
ter electrolysis device of the solid polymer electrolyte 
type among those known heretofore. In FIG. 5, electro- 
chemical cell 41 includes a number of solid polymer 
electrolyte membrane units 42 connected in tandem, 
and electrode end plates 43, 43 disposed at opposite 
ends for current-carrying. The solid polymer electrolyte 
membrane units 42 include as main parts solid polymer 
electrolyte membrane 44, porous electric current sup- 
pliers 45, 45 disposed on the opposite faces of the solid 
polymer electrolyte membrane 44, and bipolar electrode 
plates 46, 46 disposed on the outer sides of the porous 
electric current suppliers 45, 45. The solid polymer elec- 
trolyte membrane 44 Is generally a polymer membrane 
made of a proton conductive material. Where voltage is 
applied across the electrode end plates 43, 43, the one 
face of the bipolar electrode plates 46, 46 acts as cath- 
ode and the opposite one acts as anode. Taking Into ac- 
count one bipolar electrode plate 46, that is a common 
component for adjacent solid polymer electrolyte mem- 
brane units 42, 42. 

[0003] FIG. 6 is a disassembled cross sectional view 
of one solid polymer electrolyte membrane unit 42, In 
which the solid polymer electrolyte membrane 44 has 
opposite faces on which porous catalytic layers 47 are 
made of the platinum group metals. On the opposite 
sides of the solid polymer electrolyte membrane 44 are 
respectively fonned spaces sealingly enclosed by the 
solid polymer electrolyte membrane 44, the bipolar elec- 
trode plates 46, 46 and annular gaskets 48, 48. These 
spaces respectively act as cathode chamber A and an- 
ode chamber B discussed later (those represented in 
chain double-dashed lines In FIG. 6). The cathode 
chamber A and the anode chamber B respectively ac- 
commodate the porous electric current suppliers 45, 45. 
As the solid polymer electrolyte membrane, it Is prefer- 
able to use a cation exchange membrane (e.g., fluoro- 
carbon-type sulfonic acid, cation ion-exchange mem- 
brane, such as Nation 117 and Nation 11 5 from DuPont). 
[0004] Now, the description will be made for the oper- 
ation of a conventional water electrolysis device. As il- 
lustrated in FIG. 5, where an electric cun-ent is sent 
across the electrode end plates 43, 43 so as to enable 
the electrode plate of the left hand side in FIG. 5 to act 
as anode and the electrode plate 43 of the right hand 
side to act as cathode, each of the bipolar electrode 
plates 46, 46 has a left side portion acting as cathode 



of one unit 42 and right side portion acting as anode of 
another unit 42. That is, one bipolar electrode plate 46 
acts as a component of cathode-side 49 in the solid pol- 
ymer electrolyte membrane unit 42 on the left hand side 

5 of the bipolar electrode plate 46, while acting as a com- 
ponent of anode-side 50 in the solid polymer electrolyte 
membrane unit 42 on the right hand side of the bipolar 
electrode plate 46. Thus, in each solid polymer electro- 
lyte membrane unit 42, the cathode chamber A and the 

10 anode chamber B are respectively formed on the right 
and left hand sides of the solid polymer electrolyte mem- 
brane 44. 

[0005] Where demineralized water is fed into the an- 
ode chamber B via demineralized-water feeding pas- 

15 sage 51 (see FIG. 5) under the above state, the reaction 
2H20^2+4H+4e- takes place in the anode chamber 
B, generating oxygen gas. Protons generated In the an- 
ode chamber B move along with a small volume of water 
within the solid polymer electrolyte membrane 44, which 

20 has a proton conductivity, and reach the cathode cham- 
ber A. The protons which have reached the cathode 
chamber A cause the reaction 4H+ 44e'->2H2, generat- 
ing hydrogen gas. 

[0006] According to the hydrogen gas and oxygen gas 

25 generating process in the water electrolysis device of 
solid polymer electrolyte type as summarized above, hy- 
drogen and oxygen generated by the process are fed to 
use points, following, for example, a flow as illustrated 
in FIG. 7. That Is, in FIG. 7, hydrogen gasfomied in elec- 

30 trochemical cell 52 flows through line 53 to hydrogen 
separation tank 54, where water is separated therefrom, 
and is fed to the respective use points via dehumidifier 
55. On the other hand, oxygen gas fomned in the elec- 
trochemk^al cell 52 flows through the line 56 to oxygen 

35 separation tank 57, where water is separated therefrom, 
and is released to the atmosphere. 
[0007] Meanwhile, water electrolysis is carried out by 
sending a predetermined electrb current In a predeter- 
mined voltage, and therefore It Is preferable to Increase 

40 energy efficiency (voltage efficiency x current efficien- 
cy) to reduce electric power consumption during the wa- 
ter electrolysis. 

[0008] The cunrent efficiency herein varies within the 
range of about 90-98% independently of temperature. 

45 On the other hand, the voltage efficiency is represented 
in theoretical working voltage/actual electrolysis voltage 
so that it has temperature dependency. That is, unless 
the electrolytic temperature is maintained at relatively 
high levels, the actual electrolysis voltage is increased, 

50 resulting in lowered voltage efficiency. Along with the 
development of an electrochemical cell with high per- 
formance, a maximum voltage efficiency, which was 
hitherto about 80%, can be improved to about 96%, pro- 
vided that the electrolysis temperature is maintained be- 

55 tween80-120°C. 

[0009] However, in the conventional water electroly- 
sis device, it is necessary to cany out the water electrol- 
ysis at a relatively low electrolytic temperature of 45° C 
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for the reasons stated below. As a result, the energy ef- 
ficiency was about 55%. 

[001 01 That is, demlneral ized water used for the water 
electrolysis is recycled in light of costs or the like. In or- 
der to properly carry out the water electrolysis while pre- 
venting contamination of a solid polymer electrolyte 
membrane by keeping the purity of the demineralized 
water for the water electrolysis constant, ions contained 
in the demineralized water must be removed. Generally, 
these ions are removed by using an Ion exchange resin 
as an ion removing means. Since this ion exchange res- 
in has a low heat resistance temperature (about 55**C), 
the electrolysis temperature was conventionally set at a 
relatively low temperature of about 45''C. 
[0011] More specifically, In the conventional water 
electrolysis device, as shown in Fig. 7, demineralized 
water with oxygen gas separated therefrom at the oxy- 
gen separation tank 57 is fed into line 59 via line 65 and 
demineralized-water circulation pump 69. With heat ex- 
changer 60 interposed in the line 59, demineralized wa- 
ter flowing in the line 59 is cooled to about 45°C by cool- 
ing water fed through line 61 . Then, nonreproductive 
polisher 62 with an ion exchange resin interposed in the 
line 59 removes ions from the demineralized water to 
form a highly demineralized water, which is fed into the 
electrochemk^al cell 52 through filter 63 and line 64. In 
FIG. 7, the reference numerals 58 and 70 respectively 
represent demineralized-watertank and demineralized- 
water make-up pump for feeding demineralized make- 
up water to the oxygen separation tank 57 from the dem- 
ineralized-water tank 58. 

[0012] On the other hand, the demineralized water 
with hydrogen gas separated therefrom In the hydrogen 
separation tank 54 is introduced via line 66 into gas 
scrubber 67, in which hydrogen gas dissolved in the 
demineralized water is released, and returned to the 
dennineralized-watertank 58. The hydrogen gas sepa- 
rated from the demineralized water in the hydrogen sep- 
aration tank 54 is dehumidified by the dehumldrfier 55 
and then fed to a use point. In order to improve the ef- 
fbiency in dehumidifying hydrogen gas at the dehumid- 
ifier 55. cooling water fed through the line 61 is drawn 
into the dehumidif ier 55 via the line 68 in the water elec- 
trolysis device as illustrated in FIG. 7, thereby allowing 
the dehumidif ier 55 to be kept at a lower temperature. 
[001 3] As described above, the conventional electrol- 
ysis device is designed only to lower the temperature of 
demineralized circulating water (generally about 
85-1 20°C) or lower the temperature of moisture-con- 
taining hydrogen gas (generally 85-1 20°C), with no con- 
sideration of utilizing demineralized water discharged 
from the oxygen separation tank 57 or the hydrogen 
separation tank 54, as well as the thennal energy of 
moisture-containing hydrogen gas discharged from the 
hydrogen separation tank 54. 

[0014] As described above, there is a demand in 
these years for improvement in energy efficiency so as 
to reduce electric power consumption during the water 



electrolysis, in order to meet this demand, it is neces- 
sary to maintain a high temperature during the water 
electrolysis, thereby preventing lowering of the voltage 
efficiency, which has a high temperature dependency. 

5 For example, where a maximum energy efficiency of 
94% is to be secured by maintaining a voltage efficiency 
of 96%, it is necessary to keep the electrolysis temper- 
ature in the range between about 80 and 120°C, as de- 
scribed above. On the contrary, the conventional water 

10 electrolysis device could not carry out the water elec- 
trolysis under such a high temperature due to the heat 
resistant temperature of the ion exchange resin (about 
55*'C). 

[0015] The present invention was conceived In light 
15 of the problems inherent in the prior arts. It is an object 
of the present invention to provide a water electrolysis 
cell that is capable of reducing ion concentration of d^- 
ineralized water to be fed into an electrochemical cell 
without using an ion exchange resin, and maintaining a 
20 high electrolysis temperature. 

SUMMARY OF THE INVENTION 

[0018] In order to achieve the above object, there is 
25 provided a water electrolysis device that is capable of 
reducing ion concentration of demineralized water cir- 
culating in a demineralized water circulation line (here- 
inafter referred to "demineralized circulating water") by 
discharging a part of demineralized water with Its purity 
30 deteriorated (ion concentration increased) from the cir- 
culation line to the outside, as welt as feeding a prede- 
temnined volume of highly demineralized make-up water 
to the demineralized water circulation line via a deminer- 
alized water make-up tine, and at the same time increas- 
es ing the temperature of the demineralized make-up water 
added to the demineralized circulating water and hence 
holding the electrolysis temperature at high levels by 
heat exchanging demineralized water of high tempera- 
ture discharged to the outside with the demineralized 
40 make-up water fed into the demineralized water circu- 
lation tine. 

[0017] According to one aspect of the present inven- 
tion, there is provided a water electrolysis device for 
generating hydrogen gas and oxygen gas by electrolyz- 

45 ing demineralized water in an electrochemical cell that 
includes: an oxygen separation tank for storing deminer- 
alized waterto be fed to the electrochemical cell; a dem- 
ineralized water circulation line for feeding demineral- 
ized water from the oxygen separation tank to the elec- 

so trochemical cell and returning demineralized water, 
which has been electrotyzed and remains in the electro- 
chemical cell, to the oxygen separation tank; a deminer- 
alized water make-up line for feeding demineralized 
make-up water to at least any one of the oxygen sepa- 

55 ration tank and the demineralized water circulation line; 
a first heat exchanger interposed in the demineralized 
water make-up line; and a first demineralized water dis- 
charge line having a proximal end communicated with 
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at least any one of the oxygen separation tank and the 
demineralized water circulation line, and a distal end ex- 
tending through the first heat exchanger to the outside, 
in which heat transfer between the demineralized make- 
up water fed through the demineralized water make-up 
line and the demineralized water discharged to the out- 
side through the first demineralized water discharge line 
is carried out at the first heat exchanger 
[0018] With the water electrolysis device having the 
above arrangement, a part of demineralized water flow- 
ing In the demineralized water circulation line is dis- 
charged through the first demineralized water discharge 
line, while highly demineralized make-up water is fed in- 
to the demineralized water circulation line through the 
demineralized water make-up line, so that the ion con- 
centration of the demineralized circulating water flowing 
in the demineralized water circulation line can be re- 
duced without using an ion exchange resin. Also, heat 
transfer between the demineralized water of high tem- 
perature (about 85- 120°C) discharged through the first 
demineralized water discharge line and the demineral- 
ized make-up water fed through the demineralized wa- 
ter make-up line is carried out, so that the temperature 
of the demineralized make-up water fed to the electro- 
chemical cell through the demineralized water circula- 
tion line can be increased, thereby securing a high en- 
ergy efficiency In the electrochemk:al cell. 
[0019] Preferably, the water electrolysis device fur- 
ther includes: a hydrogen separation tank for receiving 
hydrogen gas generated in the electrochemical cell; a 
hydrogen discharge line having a proximal end connect- 
ed with the hydrogen separation tank; and a preheat ex- 
changer interposed in the hydrogen discharge line, in 
which heat transfer between the demineralized make- 
up water fed through the demineralized water make-up 
line and moisture-containing hydrogen gas discharged 
to the outside through the hydrogen discharge line is 
carried out at the preheat exchanger. 
[0020] With the above arrangement, it is possible to 
more effectively utilize thermal energy disposed of, and 
hence further improve the energy efficiency during the 
water electrolysis. In addition, the moisture-containing 
hydrogen gas of high temperature (about 85-1 20''C) dis- 
charged from the hydrogen separation tank is cooled at 
the preheat exchanger by the demineralized make-up 
water which flows in the demineralized water make-up 
line. Whereby, water is condensed from the moisture- 
containing hydrogen gas. As a result, it is possible to 
reduce moisture carried to a dehumidifier disposed on 
the downstream side, and hence provide ease of dehu- 
midifying at the dehumidifier and achieve downsizing of 
the dehumidifier itself. 

[0021] More preferably, the water electrolysis device 
further includes: a hydrogen separation tank for receiv- 
ing hydrogen gas generated in the electrochemical cell; 
and a second demineralized water discharge line having 
a proximal end communicated with the hydrogen sepa- 
ration tank and a distal end extending to the outside 



through the first heat exchanger, in which heat transfer 
between the demineralized make-up water fed through 
the demineralized water make-up line and demineral- 
ized water discharged to the outside through the first 

5 and second demineralized water discharge lines are 
can-ied out at the first heat exchanger. 
[0022] With the above arrangement, the temperature 
of the demineralized make-up water fed to the electro- 
chemical cell through the demineralized water make-up 

10 line can be further Increased. As a result, it is possible 
to more easily secure a high energy efficiency during 
the water electrolysis. 

[0023] Heat transfer between demineralized water of 
high temperature discharged to the outside through the 
15 first and second demineralized water discharge lines 
and demineralized make-up water fed through the dem- 
ineralized water make-up line can be made by separate 
heat exchangers rather than the same heat exchanger. 
[0024] With the above arrangement, flow controls for 
20 the flows of demineralized water discharged from the 
first and second demineralized water discharge lines to 
the respective heat exchangers can be made independ- 
ently of each other, so that the flow controlling can be 
made in a stabilized manner. 
25 [0025] Specifically, the water electrolysis device may 
further include: a hydrogen separation tank for receiving 
hydrogen gas generated in the etectrochemteal cell; a 
second demineralized water discharge line having a 
proximal end communicated with the hydrogen separa- 
te tion tank and a distal end extending to the outside; and 
a second heat exchanger interposed in the second dem- 
ineralized water discharge line; in which heat transfer 
between the demineralized make-up water fed through 
the demineralized water make-up line and demineral- 
35 ized water discharged to the outside through the second 
demineralized water discharge line is carried out at the 
second heat exchanger. 

[0026] More preferably, the demineralized water 
make-up line Is divided into a first demineralized water 

40 make-up line and a second demineralized water make- 
up line on the upstream side of the first heat exchanger 
and the second heat exchanger, in which heat transfer 
between the demineralized water flowing in the first 
demineralized water make-up line and demineralized 

45 water flowing in the first demineralized water discharge 
line is carried out at the first heat exchanger, while heat 
transfer between demineralized water flowing in the 
second demineralized water make-up line and deminer- 
alized water flowing in the second demineralized water 

50 discharge line is earned out at the second heat exchang- 
er. 

[0027] With the above arrangement, heat transfer 
from demineralized water flowing in the first and second 
discharge lines to demineralized water flowing the dem- 
55 ineralized water circulation line can be more efficiently 

made. 

[0028] More preferably, at least 3 .5% of the vol ume of 
demineralized water circulating in the demineralized 
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water circulation line is discharged to the outside, and 
demineralized make-up water of a volume at least 
equivalent to the volume of demineralized water dis- 
charged to the outside is fed through the demineralized 
water make-up line. 

[0029] With the above an-angement, the demineral- 
ized circulating water can have a specific resistance 
held at 5Mllcm or more. As a result, increase of the elec- 
trolysis voltage during the water electrolysis can effec- 
tively be limited, thereby securing high energy effk:ien- 
cy. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0030] 

FIG. 1 is an entire flow chart of the water electrolysis 
device according to an embodiment of the present 
invention. 

FIG. 2 is a partial flow chart illustrating a modified 
example of a fieat exchange method between dem- 
ineralized water discharged to the outside and dcm- 
ineralized make-up water. 

FIG. 3 is a partial flow chart illustrating another mod- 
ified example of the heat exchange method be- 
tween demineralized water discharged to the out- 
side and demineralized make-up water. 
FIG. 4 is a graph illustrating the relationship be- 
tween the ratio of demineralized water passing the 
ion exchange resin to the entire volume of deminer- 
alized circulating water and the resistance of the 
demineralized circulating water. 
FIG. 5 is a model view illustrating an example of the 
electrochemical cell used in the water electrolysis 
device of the solid polymer electrolyte type. 
FIG. 6 is a disassembled cross section of a solid 
polymer electrolyte membrane unit in the electro- 
chemical cell of FIG. 5. 

FIG. 7 Is an entire flow chart of the conventional wa- 
ter electrolysis devk^e. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0031] Embodiments of the present invention will be 
hereinafter described with reference to the drawings. 
FIG. 1 is an entire flow chart of the water electrolysis 
device according to one embodiment of the present in- 
vention. 

[0032] As illustrated in FIG. 1, the water electrolysis 
device of this embodiment is designed so that deminer- 
alized water fed into electrochemical cell 20 via dem- 
ineralized water make-up line 9 is electrolyzed in the 
electrochemteal cell 20 to generate hydrogen gas and 
oxygen gas, which are then discharged to the outside 
respectively through hydrogen separation tank 10 and 
oxygen separation tank 14. 

[0033] The water electrolysis device also includes 



demineralized water make-up line 9 for feeding dem- 
ineralized make-up water to the oxygen separation tank 
14, first heat exchanger 13 interposed in the demineral- 
ized water make-up line 9, demineralized water circula- 

5 tion line 1 5 extending from the oxygen separation tank 
14 through the electrochemical cell 20 and returned to 
the oxygen separation tank 14, hydrogen feeding line 
21 extending from the electrochemical cell 20 to the hy- 
drogen separation tank 10, and first demineralized wa- 

10 ter discharge line 22 branched off from the demineral- 
ized water circulation line 1 5 and extending through the 
first heat exchanger 13 to the outside. The thus ar- 
ranged first heat exchanger 1 3 is designed to exchange 
heat between demineralized make-up water fed through 

f5 the demineralized water make-up line 9 and demineral- 
ized water discharged to the outside through the first 
demineralized water discharge line 22. 
[0034] The water electrolysis device also includes hy- 
drogen supply line 21 for supplying hydrogen generated 

20 in the electrochemical cell 20 to the hydrogen separation 
tank 10, and hydrogen discharge line 11 for taking off 
hydrogen separated from demineralized water in the hy- 
drogen separation tank 10. 

[0035] As illustrated in FIG. 1 , interposed in the dem- 

25 ineralized water make-up line 9 are prefilter 1 , booster 
pump 2, first reverse osmosis membrane 3, second re- 
verse osmosis menrtbrane 4, demlnerallzed-water 
make-up tank 5, pump 6, ion exchange devk:e 7 (made 
of an ion exchange resin) and final filter 8. 

30 [0036] Preferably, preheat exchanger 12 is inter- 
posed in the hydrogen discharge line 1 1 so that the dem- 
ineralized water make-up line 9 can extend to the oxy- 
gen separation tank 14 through the preheat exchanger 
12 and the first heat exchanger 13. 

35 [0037] The demineralized water circulation line 15 
runs in an endless loop so that demineralized water is 
fed from the oxygen separation tank 14 to the electro- 
chemical cell 20, while oxygen generated and deminer- 
alized water remaining in the electrochemteal cell 20 are 

40 returned to the oxygen separation tank 14. Reference 
numerals 16 and 19 in FIG. 1 respectively represent 
pump and final filter. The final filter 1 9 is optionally pro- 
vided, depending on the purity of the demineralized wa- 
ter circulation line 15. If extraneous substances are not 

45 mixed into demineralized water in the demineralized wa- 
ter circulation line 15, the final filter 19 may be omitted. 
[0038] Connected to the hydrogen separation tan k 1 0 
is second demineralized water discharge line 24 for dis- 
charging demineralized water with hydrogen gas re- 

50 moved therefrom. The first demineralized water dis- 
charge line 22 joined to the second demineralized water 
discharge line 24 through flow rate indicating/adjusting 
devbe 23 extends to the outside through the first heat 
exchanger 13. 

55 [0039] Preferably, dehumidifier 25 is disposed on the 
downstream side of the preheat exchanger 12 in the hy- 
drogen discharge line 11 . 

[0040] In FIG. 1 . reference numerals 26 and 27 re- 



5 



9 



EP 1 243 671 A1 



10 



spectively represent flow control valves and on-off valve 
respectively installed in the corresponding lines. 
[0041 ] Now, the description will be made for operation 
of the water electrolysis device. Tap water, which has 
been fed into the demineralized water make-up line 9 
through its front end, is preliminarily filtered by the pre- 
filter 1 , increased in pressure by the booster pump 2 
through the on-off valve 27, processed to have a high 
purity by the first reverse osmosis membrane 3 and the 
second reverse osmosis membrane 4, and then stored 
in the demineralized-water make-up tank 5. The dem- 
ineralized water stored in the demineralized-water 
make-up tank 5 is fed into the oxygen separation tank 
14 through the demineralized water make-up line 9 ac- 
cording to the water level of the oxygen separation tank 
14. 

[0042] In this embodiment, level monitor 28 for mon- 
itoring the water level of the oxygen separation tank 14 
is provided, so that the opening of the flow control valve 
26 installed in the demineralized water make-up line 9 
is properly adjusted based upon a detected value of the 
level monitor 28. The demineralized water fed into the 
demineralized-water make-up tank 5 under pressure 
from the pump 6 is fed Into the preheat exchanger 12 
through the ion exchange device 7 and the final filter 8. 
[0043] In the preheat exchanger 12, the heat is indi- 
rectly transferred between demineralized make-up wa- 
ter fed from the demineralized-water make-up tank 5 
and moisture-containing hydrogen gas having a high 
temperature (about 85 to 120°C) discharged from the 
hydrogen separation tank 10 after the electrolyzing. 
That is, the demineralized make-up water is increased 
in temperature by a predetennined value upon receiving 
thermal energy from the moisture-containing hydrogen 
gas of high temperature. For example, demineralized 
make-up water fed, which initially had a temperature of 
1 5-25**C. is varied to about 1 6-26'*C by the preheat ex- 
changer 12. 

[0044] On the other hand, moisture-containing hydro- 
gen gas in the hydrogen discharge line 11 is cooled by 
demineralized make-up water at the preheat exchanger 
12, thereby generating condensed water from the mois- 
ture-containing hydrogen gas and hence reducing mois- 
ture carried to the dehumidifier 25 disposed on the 
downstream side of the hydrogen discharge line 1 1 . Ac- 
cordingly, the moisture to be removed by the dehumid- 
ifier 25 can be reduced, thereby achieving downsizing 
of the dehumidifier 25. 

[0045] Preferably, the hydrogen discharge line 11 is 
designed so that the moisture-containing hydrogen gas 
flows from the lower side to the upper side within the 
preheat exchanger 12, and that the condensed water 
generated at the preheat exchanger 12 flows from the 
preheat exchanger 1 2 towards the hydrogen separation 
tank 10. This arrangement can achieve effnient use of 
demineralized water. 

[0046] Hydrogen gas with moisture removed there- 
from at the dehumidifier 25 is fed to the use point by the 



proper adjustment of the opening of the flow control 
valve 26 disposed in the hydrogen discharge line 11 ac- 
cording to a detected value of pressure indicating/ad- 
justing device 29, which monitors the pressure within the 

5 hydrogen separation tank 10. Thus, hydrogen feeding 
pressure can be kept constant by controlling the flow 
rate of the hydrogen discharge line 11 according to the 
inner pressure of the hydrogen separation tank 10, and 
differentia! pressure between an H2-sldeand an 02-side 

10 in the electrochemical cell can be kept constant, thereby 
effectively preventing breakage of a solid polymer elec- 
trolyte membrane. 

[0047] Demi neralized make-up water with Its temper- 
ature increased by a predetermined value at the preheat 

'5 exchanger 12 is subjected at the first heat exchanger 
13 to indirect heat exchange with demineralized water 
of high temperature (e.g., about 85- 120*C) discharged 
through the first demineralized water discharge line 22 
and the second demineralized water discharge line 24. 

20 Whereby, demineralized water with its temperature var- 
ied to. for example, about 16-26°C by the preheat ex- 
changer 1 2 Is heated to about 82-11 9"C and fed into the 
oxygen separation tank 14. 

[0048] In the water electrolysis device of this embod- 

25 iment, demineralized water of high temperature is 
stored in the oxygen separation tank 1 4 acting as a dem- 
ineralized water feeding source to the elec^ochemlcal 
cell 20. Accordingly, in this embodiment, an ion ex- 
change resin cannot be used. Therefore, in this embod- 

30 iment, the following an-angement is employed to prevent 
the purity (specific resistance) of demineralized water 
fed to the electrochemk;al cell 20 from falling bek>w a 
predetennined value (e.g., 5MOcm) without using the 
ion exchange resin. 

35 [0049] That is, where the volume of demineralized 
water discharged through the first demineralized water 
discharge line 22, which has been branched off from the 
demineralized water circulation line 1 5, is designated as 
, and the volume of demineralized make-up water fed 

40 to the oxygen separation tank 1 4 through the deminer- 
alized water make-up line 9 is designated as Q2, the 
openings of the flow control valves 26 disposed in the 
demineralized water make-up line 9 and the first dem- 
ineralized water discharge line 22 are properly adjusted 

45 so as to have: Q2^Qi. 

[0050] In this embodiment, in order to keep the water 
level of the oxygen separation tank 1 4 constant, the flow 
rates of the respective lines are controlled. Specifically, 
the openings of the flow control valves 26 installed in 

50 the demineralized water make-up line 9 and the first 
demineralized water discharge line 22 are adjusted so 
that the volume of demineralized make-up water fed 
to the oxygen separation tank 14 through the deminer- 
alized water make-up line 9 becomes equal to the sum 

55 (Q^+Qs) of the volume Q3 of demineralized water fed to 
the hydrogen separation tank 10 (the volume of dem- 
ineralized water flowing from the anode chamber B to 
the cathode chamber A in the solid polymer electrolyte 
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membrane units 42) and the volume of demineral- 
ized water discharged from the first demineralized water 
discharge line 22. 

[0051] Now, the description will be made in detail for 
the relation between the volume of demineralized water 
discharged and the volume of demineralized make-up 
water. 

[0052] In the case of using the ion exchange resin, the 
specific resistance of demineralized water is generally 
increased to 1 BMQcm. Accordingly, if it Is so designed 
to enable the total volume of demineralized water with 
its specific resistance lowered by using water electroly- 
sis to flow through the ion exchange resin, the specific 
resistance of the demineralized water fed to the electro- 
chemical cell is constantly kept at ISMOcm. 
[0053] On the other hand, the ion exchange resin has 
a heat resistant temperature of about SS'^C. Accordingly, 
when the specific resistance of demineralized water is 
to be maintained by the ion exchange resin, it Is neces- 
sary to limit the temperature of demineralized water fed 
to the electrochemical cell to about 65**C or lower. How- 
ever, It is unlikely to achieve a sufficient energy efficien- 
cy if demineralized water to be fed to the electrochemi- 
cal cell has a temperature of about SS^'C or lower 
[0054] As a result of studies with intensive efforts by 
the present inventors, it has been found that unusual 
Increase In electrolysis voltage during the water elec- 
trolysis can be prevented If demineralized water to be 
electrolyzed at the electrochemical cell has a specific 
resistance of 5Mi2cm or more. 
[0055] Based upon the above knowledge, the inven- 
tors set up a hypothesis that passing only a part of dem- 
ineralized water through the ion exchange resin suffi- 
ciently allows the demineralized circulating water to 
have a specific resistance of 5Macm even if the total 
volume of the demineralized water used for electrolysis 
is not passed therethrough. 

[0056] The inventors conducted a test described be- 
low to establish the hypothesis. That Is, with demineral- 
ized circulating water to be used for the water electrol- 
ysis, the volume of the demineralized water circulating 
through the ion exchange resin was varied, and the re- 
lationship between the proportion of the demineralized 
water circulating through the ion exchange resin and the 
specific resistance of the whole demineralized circulat- 
ing water was investigated. The test result is illustrated 
in FIG.4. 

[0057] As illustrated in FIG. 4, the higher the propor- 
tion of the demineralized water flowing through the Ion 
exchange resin with respect to the demineralized circu- 
lating water is, the higher the specific resistance of the 
demineralized circulating water is. It can be seen that at 
least 3.5% of the proportion of the demineralized water 
flowing through the Ion exchange resin is enough to as- 
sure at least SMOcm of the speclfb resistance of the 
demineralized circulating water. 
[0058] Meanwhile, the demineralized make-up water 
also has a specific resistance of 18IN^£2cm, which is the 



same as that of the demineralized water wh ich has flown 
through the ion exchange resin. Accordingly, instead of 
making a part of the demineralized circulating water flow 
through the ion exchange resin, a part of the deminer- 

5 alized circulating water is discharged to the outside 
while highly demineralized water of a volume at least 
equivalent to the discharged volume is added to the 
demineralized circulating water, so that the specific re- 
sistance of the demineralized circulating water can be 

10 maintained. That is, at least 3.5% of the whole volume 
of the demineralized circulating water is discharged to 
the outside, and alternatively, highly demineralized 
make-up water having a volume at least equivalent to 
the discharged volume is fed to the demineralized water 

15 circulation line, so that the demineralized circulating wa- 
ter can retain a specific resistance of at least 5MQcm 
without using the Ion exchange resin. 
[0059] Thus, in the water electrolysis device of this 
embodiment, there are provided the demineralized wa- 

20 ter circulation line 15 that is capable of feeding deminer- 
alized water from the oxygen separation tank 14 to the 
electrochemical cell 20 and returning the demineralized 
water remaining In the electrochemteal cell 20 to the ox- 
ygen separation tank 14, the first demineralized water 

25 discharge line 22 that discharges a part of the deminer- 
alized water in the oxygen separation tank 1 4 to the out- 
side, and the demineralized water make-up line 9 that 
feeds highly demineralized water to the oxygen separa- 
tion tank 14. With the thus arranged water electrolysis 

30 device, the ion concentration of demineralized water to 
be fed to the electrochemical cell 20 can be lowered (or 
the specific resistance thereof is increased) despite of 
non-use of the ion exchange resin. 
[0060] It is so designed that when a part of demlner- 

35 alized water in the oxygen separation tank 1 4, whrch 
contains demineralized water subjected to the water 
electrolysis and returned from the electrochemical cell 
20, is discharged to the outside through the first dem- 
ineralized water discharge line 22, themial energy pos- 

40 sessed by the demineralized water discharged to the 
outside is transmitted by the first heat exchanger 13 to 
highly demineralized water fed to the oxygen separation 
tank 14 through the demineralized water make-up line 
9. Therefore, according to this embodiment, the temper- 
as atu re of th e dem ineral ized water fed to the electrochem- 
rcal cell 20 can be kept higher than a predetermined lev- 
el, enabling highly demineralized water having a high 
temperature to be fed to the electrochemical cell 20. 
Hence, the water electrolysis can be carried out with 

50 high energy efficiency. 

[0061] Where thetemperature of demineralized water 
circulating in the demineralized water circulation line 15 
is heated to 80°C or higher, it is likely to disadvanta- 
geously cause deterioration of seal members such as 

55 o-rings, gaskets or the like, which are module compo- 
nents. Therefore, the temperature of demineralized wa- 
ter fed to the electrochemical cell 20 is preferably set 
lower than 80°0. 
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[0062] In this embodiment, heat exchanger 17 and 
thennometer 1 8 are inteiposed in the demineralized wa- 
ter circulation line 15 between the oxygen separation 
tank 1 4 and the electrochemical cell 20, in which thef low 
rate of cold water feeding line 30 connected with the 
heat exchanger 1 7 is adjusted by the flow control valve 
26 so as to adjust the temperature of demineralized wa- 
ter detected by the thennometer 18 to 80*'C or lower 
[0063] As an preferable arrangement, by making the 
pressure Indicating/adjusting device 29 orthe like detect 
the inner pressure of the oxygen separation tank 14. ox- 
ygen in the oxygen separation tank 1 4 is released to the 
atmosphere through the flow control valve 26 if the inner 
pressure exceeds a predetemnined value. Whereby, the 
pressure in the oxygen separation tank 14 can be kept 
to a predetemnined level or lower, thereby keeping con- 
stant the differential pressure between the Ha-side and 
the Og-side in the electrochemical cell and hence effec- 
tively preventing breakage of the solid polymer electro- 
lyte membrane. As a more preferable arrangement, as 
illustrated in FIG. 1, hydrogen gas analyzer 31 is pro- 
vided in an oxygen releasing line to raise an alann if the 
hydrogen concentration in the oxygen releasing line ex- 
ceeds a predetemnined value. This can effectively pre- 
vent dangerous events such as explosion caused by 
mixing of hydrogen and oxygen. 
[0064] In this embodiment, as illustrated In FIG. 1, 
demineralized water in the first demineralized water dis- 
charge line 22 flows Into demineralized water in the sec- 
ond demineralized water discharge line 24, and heat is 
exchanged with demineralized make-up water in the 
demineralized water make-up line 9 through the single 
heat exchanger 13. Alternatively to this, two heat ex- 
changers may be provided to achieve heat exchanges 
independently of each other. 

[0065] A method of independent heat exchange, 
which Is achieved by an arrangement with second pre- 
heat exchanger 32 disposed on the front side of the first 
heat exchanger 1 3 in the demineralized water make-up 
line 9 as illustrated in FIG. 2, includes indirectly ex- 
changing heat at the second preheat exchanger 32 be- 
tween demineralized water discharged through the sec- 
ond demineralized water discharge line 24 and deminer- 
alized water flowing through the demineralized water 
make-up line 9, and indirectly exchanging heat at the 
first heat exchanger 13 between demineralized make- 
up water with its heattransfen^ed at the second preheat 
exchanger 32 and demineralized water discharged 
through the first demineralized water discharge line 22. 
Alternatively, the method, which is achieved by an ar- 
rangement with the demineralized water make-up line 
9 divided into two lines 9a, 9b, and heat exchangers 33, 
34 respectively disposed in these lines, as illustrated in 
FIG. 3, includes indirectly exchanging heat at the heat 
exchanger 33 between demineralized water discharged 
through the second demineralized water discharge line 
24 and demineralized make-up water flowing through 
the divided line 9a. and indirectly exchanging heat at the 



heat exchanger 34 between demineralized water dis- 
charged through the first demineralized water discharge 
line 22 and demineralized make-up water flowing 
through the divided line 9b. However, according to the 

s former method, an efficient heat exchange may not be 
achieved since the temperature of the demineralized 
make-up water has greatly been increased at the sec- 
ond preheat exchanger 32. Therefore, the latter method 
is preferable in respect of the heat exchange efficiency. 

10 [0066] Thus, the arrangement, where the demineral- 
ized water discharged through the first demineralized 
water discharge line 22 and the demineralized water dis- 
charged through the second demineralized water dis- 
charge line 24 do not flow into each other, but are dis- 

15 charged to the outside independently of each other, can 
effectively prevent variation of the discharge rate due to 
difference in back pressure between the flow control 
valves 26 respectively installed in the first demineralized 
water discharge line 22 and the second demineralized 

20 water discharge line 24. As a result, theflow control can 
be stably perfomned. 

[0067] Whether or not the first deminemlized water 
discharge line 22 and the second demineralized water 
discharge line 24 are joined to each other, the dis- 

25 charged demi neralized water with its heat transferred at 
the heat exchanger can be returned to the demineral- 
ized water make-up tank 5, thereby achieving reduced 
consumption of demineralized water. 
[0068] In this embodiment, the first demineralized wa- 

30 ter discharge line 22 has a proximal end communicated 
with the demineralized water circulation line 15. Howev- 
er, the present invention is not necessarily limited to this 
embodiment. As far as a part of the residual demineral- 
ized water returned from the electrochemical cell 20 af- 

35 ter electrolysis is discharged to the outside through the 
first demineralized water discharge line 22, various em- 
bodiments are applicable. For example, the proximal 
end of the first demineralized water discharge line 22 
may be arranged in communication with the oxygen 

40 separation tank 14. 



Claims 

^ 1 . A water electrolysis device for generating hydrogen 
gas and oxygen gas by electrolyzing demineralized 
water in an electrochemical cell comprising: 

an oxygen separation tank for storing deminer- 
50 alized water to be fed to the electrochemical 

cell; 

a demineralized water circulation line for feed- 
ing demineralized water from the oxygen sep- 
aration tank to the electrochemical cell and re- 
55 turning demineralized water, which has been 

electrolyzed and remains in the electrochemi- 
cal cell, to the oxygen separation tank; 
a demineralized water make-up line for feeding 
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demineralized make-up water to at least any 
one of the oxygen separation tank and the dem- 
ineralized water circulation line; 
a first heat exchanger interposed in the dem- 
ineralized water make-up line; and s 
a first demineralized water discharge line hav- 
ing a proximal end communicated with at least 
any one of the oxygen separation tank and the 
demineralized water circulation line, and a dis- 
tal end extending through the first heat ex- io 
changer to the outside; 

wherein heat transferred between the dem- 
ineralized make-up water fed through the deminer- 
alized water make-up line and the demineralized is 
water discharged to the outside through the first 
demineralized water discharge line is carried out at 
the first heat exchanger. 

2. A water electrolysis device according to claim 1 fur- 20 
ther comprising: 

a hydrogen separation tank for receiving hydro- 
gen gas generated in the electrochemical cell; 
a hydrogen discharge line having a proximal 25 
end connected with the hydrogen separation 
tank; and 

a preheat exchanger interposed in the hydro- 
gen discharge line; 

30 

wherein heat transfer between the demineral- 
ized make-up water fed through the demineralized 
water make-up line and moisture-containing hydro- 
gen gas discharged to the outside through the hy- 
drogen discharge line Is carried out at the preheat 35 
exchanger. 

3. A water electrolysis devk^e according to claim 1 fur- 
ther comprising: 

40 

a hydrogen separation tank for receiving hydro- 
gen gas generated in the electrochemical celt; 
and 

a second demineralized water discharge line 
having a proximal end communicated with the ^ 
hydrogen separation tank and a distal end ex- 
tending to the outside through the first heat ex- 
changer; 

wherein heat transfer between the demineral- so 
ized make-up water fed through the demineralized 
water make-up line and demineralized water dis- 
charged to the outside through the first and second 
demineralized water discharge lines Is carried out 
at the first heat exchanger. ss 

4. A water electrolysis devk» accordi ng to claim 1 fur- 
ther comprising: 



a hydrogen separation tank for receiving hydro- 
gen gas generated in the electrochemical cell; 
a second demineralized water discharge line 
having a proximal end communicated with the 
hydrogen separation tank and a distal end ex- 
tending to the outside; and 
a second heat exchanger Interposed in the sec- 
ond demineralized water discharge line; 

wherein heat transfer between the demineral- 
ized make-up water fed through the demineralized 
water make-up line and demineralized water dis- 
charged to the outside through the second deminer- 
alized water discharge line is carried out at the sec- 
ond heat exchanger. 

5. A water electrolysis device according to daim 4, 
wherein: 

the demineralized water make-up line is divided 
into a first demineralized water make-up line 
and a second demineralized water make-up 
line on the upstream side of the first heat ex- 
changer and the second heat exchanger; 
heat transfer between demineralized water 
flowing in the first demineralized water make- 
up line and demineralized water flowing in the 
first demineralized water discharge line is car- 
ried out at the first heat exchanger; and 
heat transfer between the demineralized water 
flowing in the second demineralized water 
make-up line and demineralized water flowing 
in the second demineralized water discharge 
line is carried out at the second heat exchanger. 

6. A water electrolysis device according to any one of 
dainns 3 to 5 further comprising: 

a hydrogen discharge line having a proximal 
end connected with the hydrogen separation 
tank; and 

a preheat exchanger interposed in the hydro- 
gen disctiarge line; 

wherein heat transfer between the demineral- 
ized make-up water fed through the demineralized 
water make-up line and moisture-containing hydro- 
gen gas discharged to the outside through the hy- 
drogen discharge line is carried out at the preheat 
exchanger. 

7. A water electrolysis device according to any one of 
dainns 1 to 6, wherein at least 3.5% of demineralized 
water drculating in the demineralized water circula- 
tion line is disctiarged to the outside, and deminer- 
alized make-up water of a volume at least equivalent 
to the demineralized water discharged to the outside 
is fed through the demineralized water make-up line. 
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